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Abstract. In this paper we present near-infrared H-, K-, L- and M-band photometry of the Galactic Center from images ob- 
tained at the ESO VLT in May and August 2002, using the NAOS/CONICA (H and K) and the ISAAC (L and M) instruments*. 
The large field of view (70"x70") of the ISAAC instrument and the large number of sources identified (L - M data for a total of 
541 sources) allows us to investigate their colors, infrared excesses and the extended dust emission. Our new L-band magnitude 
calibration reveals an important offset to the traditionally used "standard" calibrations, which we attribute to the use o f the 
variable star IRS 7 as a flux calibrator. Together with new results on the extinction towards the Galactic Center IScoville et alJ 
120031 iRaablli oOO). our magnitude calibration results in stellar color properties expected from standard stars and removes any 
necessity to modify the A"-band extinction. The large number of sources for which we have obtained L — M colors allows us to 
measure the M-band extinction to A jW =(0.056±0.006)Ay, i.e. A M «s A L , a considerably higher value than what has so far been 
assumed. L - M color data has not been investigated previously, due to lack of useful M-band data. We find that this color is a 
useful diagnostic tool for the preliminary identification of stellar types, since hot and cool stars show a fairly clear L — M color 
separation, with average L — M colors of 0.46±0. 17 for emission-line stars and -0.05±0.27 for cool red giants/ AGB stars. This 
is especially important if visual colors are not available, as in the Galactic Center. 

For one of the most prominent dust embedded sources, IRS 3, we find extended L- and M-band continuum emission with a 
characteristic bow-shock shape. An explanation for this unusual appearance is that IRS 3 consists of a massive, hot, young 
mass-losing star surrounded by an optically thick, extended dust shell, which is pushed northwest by wind from the direction 
of the IRS 16 cluster and Sgr A*. 

Key words. Galactic Center - Infrared - Calibration - Stellar Classification 

1. Introduction fied as Ofpe/WN9, although some of them might be lumi- 
nous blue variables (LBV) and a few show characteristics of 

The Galactic Center stellar cluster shows some intriguing Wolf . Rayet starf , A third? less numerous component of the 

characteristics: it is extremely dense, with an unusual ob- Galactic Center duster consistf , of lumin0USj extended 

served stellar popul ation cons isting mainly (80% of the K <14 ^ red and featureless ( ^. band) spectra and 

stars according to | Ott et alJ ]199$) of late-type red giants, a stfong infrared excesfj These source s wer e conside red as 

many of which are suspected to lie on the asymptotic gi- potential YS Q candidates ( Cle n^etdlEooil btt et alJflfoi 

ant branch (AGB), as well as young massive stars with en- |Kr abbe et aljfl99i . Recently, however, they_have been suc- 

ergetic . winds. Spectrosco pic measurements (e.g. Kr abbe et alJ cesfjfull described as bo w _ shock sources banner et alJl2002l 

1995: Naiarroetal. 1997) allow identification of these two I 1 lJ. ,11 1 r— : — II 1 ~. 



— - — I I ■ it * " cessiuny uescriDeu as dow-siiock sources i i aimer ei auizuu/t 

199J | NajarroetaU | l997|) allow identification of these two Eoo3 |Rj gaut ■ et allEool IfSIEooI) . with the implication 

components, the late-type red giants and supergiants show- ^ ^ stars powering these mminous infrared source s are 

ing strong 2.3 m CO bandhead absorption and the massive, windy ^ of ^ types mentioned above 

hot and windy stars ("He stars") exhibiting He and H emis- ,,. ... , ,„ „ T , ,„ , „ . 

_f . ... , . We present multi-band (H, K, L and M) photometry of the 

sion lines. The emission line stars appear to dominate en- _ . . „ . . , . . . t,^^ ,„„ . , ^ . 

, ^ , , , . , Galactic Center, obtained with the ESO VLT, in order to fur- 

ther investigate the properties of the Galactic Center stellar 
cluster. The large number of sources available for color anal- 

W offprint ~^sts to: T. Viehmann, e-mail: ysis allows for improved statistics, resulting in a new L-band 

viehmaitn@phl.uni-koeln.de calibration which eliminates anomalous color effects found 

* based on observing run 69.B-0101(A) at the Very Large Telescope in other surveys of the Galactic Center stellar cluster (e.g. 

(VLT) of the European Southern Observatory (ESO) on Paranal in IClenet etalT zOOl: Si mons & Becklinll996l) . The large field of 

Chile. view (70"x70") of the ISAAC instrument allows us to com- 



ergetically in the central few arcseconds, where the bright 
IRS 16 cluster is located. These stars are generally classi 
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pare the immediate Galactic Center cluster population with 
the stellar population further out, with separations from SgrA* 
of up to about half an arc minute. This compar ison results in 
a con firmation of the new extinction values of Sco ville et alJ 
J2003h . Previous (multi-band) imaging studies of the Galactic 
Center, besid es being limited in their field of v iew to e.g. 
13"xl3" lClenet et al] EoOlt bavidge et ai1ll997l) . appear to 
have neglected the M-band (4.66 //m), which shows some in- 
teresting properties, which we discuss in this paper. 



2. Observations and data reduction 

2.1. ISAAC observations 

On May 23rd - 30th 2002, L- and M-band (3.78 fim and 
4.66 fj.m) imaging observations of the Galactic Center were ob- 
tained with the ISAAC infrared imager at the ESO VLT (Unit 
Telescope 1, An tu), as part of a jo int IR/X-ray monitoring pro- 
gram of SgrA* ( Eckar t et alJ2003bUBaganoff et alJ2 003). The 
seeing-limited images were taken in ISAAC'S higher resolu- 
tion mode, with a pixel scale of .071 "and a field of view of 
72.6"x72.6"(see ICubv et al.l [2002). Seeing conditions varied 
during the campaign, resulting in angular resolutions between 
0.4"and 1.2". The observations were made in batches of 25 to 
40 pairs of frames (with chopping and nodding), with an inte- 
gration time of 0.99 s per frame. 

2.2. NAOS/CONICA observations 

During the science verification phase of the commissioning and 
observatory preparation of the NAOS/CONICA adaptive optics 
assisted imager/spectrometer at the ESO VLT (UT4, Yepun), 
H- and A^-band (1.6 fim and 2.1 fim) images of the Galactic 
Center were obtained on 30 August 2002, with a FWHM of 
43 and 56 mas, respectively , and a pixel scale of 0.0132"/pixel 
JSchodel et alJl2002l 120031) . The total integration times were 
1500 s and 1200 s, respectively. Since the K - K s color differ- 
ence is an order of magnitude smaller than the photometric ac- 
curacy that we reach, no further distinction between K (2.2 //m) 
and K s will be made in this paper. Since the purpose of the 
NAOS/CONICA images in this context was to gain additional 
color information for analysing the seeing-limited ISAAC L- 
and M-band images, the pixel scale of the NAOS/CONICA 
images was reduced to the corresponding 0.071"/pixel via re- 
binning. Further data reduction was then performed using the 
same methods as with the ISAAC images. 

2.3. Data reduction 

All image processing was performed using routines from the 
IRAF software package. The data reduction procedures em- 
ployed were standard: After flat field correction, the paired im- 
ages were subtracted from each other and subsequently shifted 
to a common reference frame. All such subtracted images from 
each batch were then combined by calculating the median, 
which also effectively removed cosmic rays and bad pixels. 
The final images were then created by coaddition of the me- 
dian images with the best effective seeing, i.e. better than 0.6", 



resulting in total integration times of 229.7 s for the L-band 
image and 162.4 s for the M-band image. The final M-band 
image is shown in Fig. [2 Finally, PSF-fitting photometry was 
performed on all four final images using the IRAF/DAOPHOT 
software package. 

2.4. Photometry 

The observing conditions for both the ISAAC and the 
NAOS/CONICA observations were generally photometric and 
are adequate for relative photometry. For the L- and M-band 
case, we linked the calibration of the IRAF/DAOPHOT PSF- 
fitting results to observed flux density reference stars. For the 
H- and /T-band, we relied on d ata taken from the literature 
Jcienet et al 120 01 UDenovIl 99cl) . 

L- and M-Band Magnitude Calibration 

For calibration purposes, the stan dard stars H P 130163 

(mi =6.856, mi - m. M ^ 0, |ya n der Bliek et al. 1996) and 
HR 5249 (m M =4.53. Ivan der Bliek et alJll996l) were imaged 
together with science observations on May 28th 2002, using 
identical techniques. The airmass difference was small (max- 
imum 0.2), resulting in corrections smaller than 0.04 magni- 
tudes, which are insignificant given the uncertainties in the pho- 
tometry (see section lXTV These observations were used to cal- 
ibrate the final L- and M-band images, using aperture photom- 
etry on approximately 30 isolated stars. 

K-Band Magnitude Calibration 

Reference /f-band magnitude s for some o f the bright IRS 
sources were taken from lClenet et alJ (12001 ), who fixed their 
zero-point with the photometry of lottetah Jl999l) . The dif- 
fe rences between the DAOPHOT magnitudes and the values 
of Cl enet etafl J200ll) were averaged, resulting in a calibration 
value which was subtracted from the DAOPHOT magnitudes. 
Saturated sources were excluded from the determination of the 
calibration magnitudes. 

//-Band Magnitude Calibration 

The main problem encountered in calibrating the //-band 
data was saturation. All the bright //-band sources (for which 
magnitudes are available) are saturated in the NAOS/CONICA 
image, whereas no magnitudes for the weaker unsaturated 
sources could be found in the literature. 

The solution employed here was secondary calibration using 
an //-band mosaic made fro m images taken wi th the SHARP 
speckle imager in 1992 llEckart et alJ Il992h . This image 
was flux cali brated using data for the brighter IRS sources 
llDepoylll990T) . Subsequently, the NAOS/CONICA image was 
calibrated with the flux densities from weaker, isolated (i.e. 
clearly separated from their neighbors) sources in the SHARP 
mosaic image. 

The total uncertainty of the photometry results is estimated 
as 0.25 magnitudes in the H- and Zf-band and 0.15 magnitudes 
in the L- and M-band. The difference is due to the different 
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calibration procedures and the different shape of the respective 
PSFs of the ISAAC and NAOS/CONICA images, resulting in 
less accurate fit results for the latter. The limiting magnitudes 
of this analysis are 12.73 (M-band), 14.47 (L-band), 17.66 (K- 
band) and 20.34 (//-band). 

2.5. Additional data 

The field of view of the NAOS/CONICA images (approxi- 
mately 17.8"xl7.8") is much smaller than the ISAAC field of 
view. In order to check the properties of sources outside this 
region, additional H- and /f-band images were analysed. 

ISAAC /T-band image 

Durin g the 1999 ISAAC spectroscopy campaign JEckart et alJ 
1999), a A'-band image of the Galactic Center was obtained, 
using ISAAC'S lower resolution mode ( pixel scale 0.148" , field 
of view approximately 150"xl50", see lCubv et al.l2002l) . 

Gemini data 

For //-band, we also used publicly released Gemini data from 
the 2000 Galactic Center Demonstration Science Data Set (us- 
ing the Q uire camera and t he Hokupa'a adaptive optics system, 
see lCotera & RigautfcOOll) . 

In order to limit the amount of work required, photometry 
on these datasets was performed only for the brighter sources 
in the L-band image (m L <9.5) and an exemplary selection 
of approximately 15 fainter sources in order to verify that the 
faint stars do not show systematically different color properties 
than the bright stars. The images were calibrated relative to our 
NAOS/CONICA data. 

3. Results 

3.1. Photometry 

Table ^ summarizes the photometry of those sources within 
the NAOS/CONICA field of view (17.8"xl7.8") that are 
detectable in at least one of the ISAAC images. Table 
|2 summarizes the photometry of the sources outside the 
NAOS/CONICA field of view, for which therefore only L- and 
M-band data are available. 

Notes: 

- The named sources are identified in Fig. [5] 

- The position offset is given in arcseconds relative to 
IRS 16NE. In order to calculate the position offsets with 
respect to the location of the infr ared/radio source Sgr A* 
jReid et alJ l2002l ISchodel et al] l2003h . one has to add 
2.83"in right ascension and -0.91 "in declination. Given 
the larger field of view, the positions were derived from our 
best seeing L-band map and aligned with respect to the ra- 
dio positional reference frame for the Galactic Center as 
given bv lReid et al] J2002h . 

- For the astrometry, th e pixel scale from the ISAAC user 
manual was used (see ICubv etaLlEooi with minor cor- 
rections based on the comparison of our positions to those 



of lOttetaTl in"999). From this comparison, we estimate the 
absolute position error as approximately 0.09 arcseconds. 
Relative positions in our images can be derived with a much 
higher precision of at least half a pixel, i.e. $0,035". 
- If a source was not detected at a given wavelength, the 
maximum detected magnitude in that band is given as a 
lower limit (i.e. upper brightness limit). These cases were 
excluded from the corresponding color-color diagrams. 

3.2. New L-band calibration 

Since our L-band calibration introduces an offset of approxi- 
mately 0.5 mag to the frequently used calibration o flBlum et alJ 
( 1996), some comments are necessary. 

Calibra ting the L-band im age with reference magnitudes 
taken from lClenet etail l l200ll) . as for the NAOS/CONICA K- 
band image (see section l2~4T i. resulted in (K-L) ^, s colors which 
were at least 0.3 magnitudes too blue. An examination of the 
color-color-diagrams showed this effect to be systematic, since 
the whole population was blueshifted in K - L, whereas the 
H-K colors lie within the expected range for stellar sources. It 
therefore seems unlikely that the Zf-band calibration is wrong, 
especially considering th at it is based on star s shown to be non- 
variable jott et al]fl99llClenet et alJl200lh . Directly calibrat- 
ing the L-band image with the observed calibration star instead 
of adjusting the zero-point with already published photometry 
does not show this effect. We note that lClenet et al] J200ll) also 
found unusually blue K - L values, which they attributed to 
a lower Zf-band extinction. If the extinction law remains un- 
changed, this implicitly suggests a lower extinction Ay, which 
our observations can confirm (see section l3~3l . 

The L- b and data and thus th e calibration g i ven by 
iBlum et alJ i 19961) are taken from De pov & Sharp] i ll 99 lb . 
Their calibration (which is not discussed in detail in their 
1991 publi c ation) was fixed with the s tar I RS 7, for which 
IBlum et all Jl996l) : ITamura et al] Jl996l) and lOtt etal.1 d 19991) 
have shown that it is variable with an amplitude of of approx- 
imately 1 mag in Zf-band. It see ms that the offset to the oth er 
frequently applied calibration by ISimons & Becklir] i 19961) is 
also due to their use of the variable source IRS 7 as flux cali- 
brator. Our new L-band calibration, however, provides a clear 
improvement to this point, especially since it does not rely on 
any (non-)variability assumptions for the observed sources and 
does not result in unexpected K-L color effects. We finally note 
that a higher extinction than the assumed A y-25 mag would re- 
sult in even bluer K-L colors, requiring an even larger offset 
to the L-band calibrations mentioned above. 

3.3. Colors and extinction 

For de- reddening purposes, the extinction law of 
iRieke & Lebofskvi d 19851) was adopted, i.e. A H = 0.175A V , 
A K = 0.1 12Ay, A L = 0. 058A y and (in it ially) A M = 0.023A V . 
Since recent work by IScoville et al.l J2003h indicates that 
the extinction toward the Galactic Center exhibits a broad 
minimum over the area of the IRS 16 Cluster and the Northern 
Arm, their value of Ay =25 mag was assumed, instead of the 
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tradit ional average value of A v =27 or even 30 mag jRiekd 
119871) . This choice is supported by the colors of the stars 
observed, especially K - L (see section l3~2l . since they would 
otherwise be too blue. 

In the HKL color-color diagram (Fig. [5j, the majority of 
sources form a clus ter in the area p opulated by stars (for 
intrinsic colors see IKoornneell Il983h . with a fairly sharp 
boundary towards bluer colors. This is satisfactory, since the 
majority of sources exhibit colors that lie in the possible color 
range for stellar sources. Only very few objects show bluer 
colors, which can be seen as exceptions. Quite a few objects 
appear to be strongly reddened, especially within the inner area 
covered by the NAOS/CONICA images. This is not surprising, 
since the dust and gas of the 'mini-spiral' passes through this 
region. 

The conclusion to be drawn here is that the newer findings 
concerning extinction dScoville et al.ll2003h . together with our 
new L-band calibration, provide a consistent picture without 
requiring modifications of the extinction law at this point. 



3.3.1 . Comparison of outer and inner field 



With the exception of some highly reddened sources (e.g. 
IRS 1W, IRS 3, IRS 10, IRS 21) found almost exclusively 
within the inner field (i.e. the 18"xl8"of the NAOS/CONICA 
field of view), the stars from the inner and outer regions cluster 
in the same area of the two-color diagrams, with the clustering 
much more pronounced for the stars from the outer region. The 
highly reddened sources from the inner field are apparently ob- 
scured/reddened by gas and dust from the mini-spiral (either 
directly or by a bow-shock type interaction). 
The H - K and K - L colors obtained from our data, espe- 
cially if one excludes unusu al stars such as Wo lf-Rayet stars 
etc., confirm the results of IScoville et al.l J2003b for the lower 
extinction (we assumed A v -25 mag) towards the IRS 16 clus- 
ter and the Northern Arm of the mini-spiral, since the colors - 
after dereddening - agree with the intrinsic colors of stars given 
bv IKoornneell \ 1 9 8 3l) . Any higher extinction would lead to sig- 
nificantly bluer intrinsic colors, which cannot be explained in a 
straightforward manner. Our data indicates that this relatively 
low extinction applies to the complete region covered by the 
(high-resolution) ISAAC images, i.e. the inner 70"x70" . This 
can be inferred from the two-color diagrams (Figs. [5] and [6j, 
since the populations of the inner and outer region cluster in 
the same area of these diagrams. If the extinction were to in- 
crease significantly within the ISAAC high resolution field of 
view, the 'outer' population (or at least a significant part of it) 
should show systematically redder colors than the main part of 
the 'inner' population, which is clearly n ot the case. The higher 
extinctions of 35 to 50 mag reported bv lScoville et alJ (|2003) 
thus apply to areas outside the inner 70 arcseconds, which is 
consistent with the location of th e circum-nuclear molec ular 
ring, which has a sharp inner edge (Latvako ski et all 19 99). 



3.3.2. Extinction in M-band 

Our M-band calibration, using two calibration stars of signif- 
icantly different magnitude (see section l2~4l . provides rather 
surprising results: the stars appear too blue by about 0.7 mag in 
L — M , if one applies the reddening law of Rieke & Lebofskv 
ill 9851) . i.e. A M =0.023A V . Howev er, the ISO/SWS Ga lactic 
Center extinction measurements of lLutz et al J \ 19961) and lLutd 
(1999), while general l y in a greement with the extinction law 
of iRieke & Lebofskv! II1985I) . permit considerably higher (or 
lower) extinctions in the 4-5 fim regime within their uncertain- 
ties. This is especially true if one considers that their extin ctio n 
values increase again longward of 5 yum (see also iRaabC OOO ) . 
Visual inspection of the distribution of L-M colors in the color- 
color diagram (Fig.|6j suggests that Am ~ Al, since the bulk of 
the L-M colors observe d then agree with the expected L-M 
colors for stellar sources jKoornneedl983l) . 

Our extensive L-M color data available for a total of 541 
sources allows us to quantify the M-band extinction more pre- 
cisely, assuming that the theoretical intrinsic colors given by 
IKoornneell Jl9 8 3 ) are valid. From the mean observed and the- 
oretical intrinsic L-M colors averaged over all types of stars 
we can calculate the M-band extinction via: 

= 1T« L ~ M >Koornneef ~ (L ~ M) obs + A L ) = 0.056 ± 0.006. 

A v A v 

Here we quote a 3<x uncertainty. This result is plotted in Fig.0 
and agrees very well with th e above estimate o f Am ^ Al, 
with A L =0.058A V following IRieke & Lebofskv! (Il985l) . The 
possible luminosity-induced bias (observed stars are bright) is 
< 0.003 and therefore not significant given the uncertainties. 

Assuming for simplicity a Gaussian distribution of the 
L-M values for simplicity, we find a corresponding standard 
deviation of <x L _ M =0.51, which allows the calculation of the 
contribution cr ext of screening and source intrinsic effects to 
the L-M distribution. The uncertainties of the distribution are 
given by 

°i-M = °L+°M + ^Lornneef + <4t > 

where cr Koornnee f=0.16 represents the scattering of theoretical 
intri nsic colors ov er the whole range of stellar types as listed by 
Koornneef I dl983l) . Here cr L and cr M are the uncertainties in the 
L-and M-band magnitudes. We find <x ext =0.44, which implies 
that the main contribution to the width of the L-M color distri- 
bution is due to screening effects and source-intrinsic redden- 
ing (i.e. local dust concentrations etc.). The main caveat here 
is that the L-M color distribution is not Gaussian (there are 
two principal stellar types with different intrinsic colors, i.e. 
red giants and young, massive emission-line stars). However, 
the width of the distribution due to different stellar type com- 
ponents is considerably smaller than the scattering observed. 
Nevertheless, this analysis is useful as a preliminary estimate, 
and further M-band studies of the Galactic Center are neces- 
sary to clarify the situation. 

3.3.3. Colors of He-stars and red giants 

A comparison of the L-M colors of the named sources of 
known type (i.e. He-stars or cool red giants/AGB) shows a 
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fairly clear color separation, with the cool stars significantly 
bluer (see Tableland Fig.[6j. T his result is in general agree- 
ment with the colors given by K oornneeddl983l) : Hot stars have 
on average an (L - M)i ntr i ns i C of »-0.05, while cool giants have 
(L - M)i ntr i ns j c values of typically -0.2 to -0.3. In our sample, 
the average observed (L - M) b s values are 0.46+0.17 for the 
emission-line stars and -0.05+0.27 for the cool stars (ten of 
each, see Table with the standard deviation as uncertainty. 
Therefore, the L - M color, and more particularly the H - K 
versus L - M color-color diagram is a reasonably good diag- 
nostic tool for preliminary identification of these stellar types. 
Applying this L - M criterion to our sample, we find that the 
emission-line stars show a clear concentration in the inner re- 
gion, with only about ten emission-line-star candidates in the 
area outside the 18"xl8"NAOS/CONICA field of view (con- 
taining 166 objects with full photometry data), as opposed to 
at least forty such objects in the inner region (197 objects in 
total). 

K - L colors are much less useful in this context, since the 
K - L color separation is comparatively low. Naturally, spec- 
troscopic evidence is required for a definite classification. 

An additional comment can be made on the dereddened 
(i.e. intrinsic) (K - L)jntrinsic and (L - M)i ntrins ic colors of the 
He-stars. These appear to be slightly but systematically redder 
(^0.2 mag) than expected for hot stars, whose (K - L)i ntr j ns i c 
and (L - M)j ntr i ns i c colors are approximately to -0.1. This 
indicates the presence of an infrared excess. A possible ex- 
planation for such an excess could be that the He-stars all 
show signs of an interaction with the dusty Galactic Center 
ISM. This excess could be of a similar nature but much less 
pron ounced than the bow shock sources along t he mini -spiral 
jTanner et alJ 120021 l2003t iRi gaut et alJ l2003t lEckartl [2004; 
Cle net et all2004l)~Our result is in general agreement with the 
findings of Davidg ~et alJ dl997h . who indicate that the K - L 
colors of the He-stars are clearly redder than those of known 
emission line stars in the LMC. 

3.4. IRS 3 

One of the most intriguing mid-infrared sources in the Galactic 
Center region is IRS 3. In the L- and M-band, this is the most 
extended source observed here, and also one of the brightest 
(iriM =3.4). It is much fainter in the /T-band, hardly visible in 
the //-band (m^ =10.6, iriH=15.0), and also hardly extended 
at these shorter wavelengths (see Figs.[3]and[3}. Consequently, 
IRS 3 appear s to be dominated by dust emission. According to 
iKrabbeetal] ill 995b . IRS 3 has an almost featureless, red con- 
tinu um ZT-band spectru m. Also IRS 3 emits strongly at 10 fim 
re. g .lGezarietal.ll98.4. 

In our analysis, the M-band photocenter of IRS 3 is shifted 
to the northwest by -0.16" with respect to the H-,K- and L- 
band positions. This angular separation is well above the rel- 
ative positional uncertainty of 0.035"we estimated above and 
thus not a mere artifact. A visual inspection of the maps clearly 
shows, however, that the two sources detected by the PSF- 
fitting algorithm are not distinct sources, but a consequence of 
the extended flux density distribution. This shift of the pho- 



tocenter of the extended M-band emission relative to that at 
shorter wavelengths, combined with the clearly visible asym- 
metry of the lower contour lines in the NAOS/CONICA L- 
band image (Fig. 0} results in a bo w-shock-like a ppeara nce, 
similar to the sources discussed by Tan ner et alJ (|2003), al- 
though less distinc t than the remarkable source mentioned by 
Clen et et alJ (|2004). The asymmetry is the consequence of a 
compression of the extended emission at its southern edge, re- 
sulting in a steeper flux density gradient ("bunched" contour 
lines). A possible explanation for this unusual appearance is 
that IRS 3 consists of a hot mass-losing star, e.g. a young, dust- 
embedded O star (Krabbeetal. 1995) or a dusty protostar or 
Wolf-Rayet star JTanner et all2003U Horrobin et al. 2004), sur- 
rounded by a very thick, extended dust shell, which is pushed 
northwest by wind from the d irection of the IRS 16 cluster 
and Sgr A*. Geza ri et alJ 11198 5) give a temperature of »400 K 
for this strong L-band source. The H- and /f-band emission 
is dominated by the stellar source and therefore not extended. 
The dust shell must be very thick, however, since IRS 3 is a 
faint source in K and especially H. The shift in the M-band 
emission is due to part of the dust shell being extended to the 
northwest. It should be possible to clarify the nature of IRS 3 
through L- and M-band (and possibly longer wavelength) stud- 
ies at higher resolution, i.e. using adaptive optics or interfero- 
metric methods that are becoming available in the infrared (e.g. 
VLTI or the upcoming LBT, see lEckart et alJ2003d) . 

4. Conclusion 

We have presented multi-band infrared photometry of the 
Galactic Center, covering the large field of view (70"x70") 
of the ISAAC instrument at the VLT. Our independent L-band 
magnitude calibration, relying on the robust method of ob- 
serving standard calibration stars, reve als an offset to the tra- 
ditionally used "standard" calibrations JPeno v & SharrJ ll 99lt 
iBlum et alJll996t ISimons & Becklinl fl996). W e attribute this 
offset to the use of the variable sta r IRS 7 jBlum et alj fl996: 
iTamura et all 1 1994 lOtt et alJll999l) as a flux calibrator. This 
offset is important when investigating colors. 

Together with new results on th e extinction towards the 
Galactic Center llScoville et alj f2003). our magnitude calibra- 
tion makes the stars redder in K - L, which results in normal 
stellar properties. There is no longer any necessity to modify 
the Zf-band extinction in order to explain strange blue colors. 

Color analysis of our large sam ple of sources is consis- 
tent with the results obtained bv lScoville et alJ J2003I) concern- 
ing the extinction towards the Galactic Center, since we can 
compare the color distributions of sources lying within an in- 
ner 18"xl8"region with sources located further out, up to the 
70"x70"limit of the field of view of the ISAAC camera. This 
comparison reveals no systematic effects, indicating that the av- 
erage extinction remains at the lower value of Ay =25 mag up 
to the sharp inner edge of the circum-nuclear molecular ring. 

Our M-band data indicates that the extinction in the 
M-band is higher than p redicted by the extinction law of 
lRieke&T,ebo"fskvl lll985l) . The large number of sources for 
which we have obtained L - M colors allows a measurement 
of the M-band extinction, assuming that the intrinsic colors 
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given bv lKoornneeJ dl983h are valid. This measurement gives 
A M =0.056A V , i.e. A M » A L , a considerably higher value com- 
pared to what has been assumed so far. 

Hot and cool s tars show a fairly clear L-M color separation 
( lKoornneedll983h . with the hotter stars exhibiting redder col- 
ors. Our results show that the Galactic Center sources follow 
this behavior, for which the H -K versus L-M color-color di- 
agram (if available) is a useful diagnostic tool for preliminary 
identification of stellar types. 

Several sources within the central few arcseconds are dust 
embedded and show extended L- and M-band emission. For 
one of the most prominent dust-embedded sources, IRS 3, we 
find extended L- and M-band continuum emission with a char- 
acteristic bow-shock-like appearance, including a shifted M- 
band photocenter relative to the other wavelengths. A possible 
explanation for this unusual appearance is that IRS 3 consists 
of a massive, hot, young and mass-losing star surrounded by 
an optically thick, extended dust shell, which interacts with 
the strong wind from the direction of the IRS 16 cluster and 
Sgr A*. As a result of this the dust shell is pushed towards the 
northwest by this wind. 

It would appear that further studies in the few micron wave- 
length range could add considerably to the knowledge of the 
properties of the stellar population in the Galactic Center. This 
is especially true for the M-band, since it is a fairly long wave- 
length that is not completely dominated by dust emission. The 
stars therefore remain accessible for observation. 
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Fig. 4 . L-band view of IRS 3 with NAOS/CONICA ( lEckarll 
2004|. The circular structures surrounding the bright sources 
are due to the adaptive optics. Note the asymmetry in the lower 
contour lines producing a bow-shock-like effect at the southern 
edge of the extended emission. 



Draine (1989) 




Wavelength \pm] 

Fig. 7. Extinction towards Sgr A* according to Lutz et al. 
( 1996). The data points are derived from SWS H recombination 
line da ta, while the solid curve is the extinction law of D rainel 
(1989) for standard graphite-silicate mixes. The marked data 
point is our new M-band result. 



Viehmann et al.: L- and M-band Observations of the GC 




;. 1. ISAAC M-band final image of the Galactic Center. The field of view is 72.6"x72.6". 
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IRS 33SE IRS 14HE IES 14S IRS 14SW IRS 33SW IRS 20 IRS 12S IRS 12N IRS IS 



Fig. 2. Part of the ISAAC L-band final image of the Galactic Center showing most of the named sources. 




Fig. 3. H-,K- and M-band view of IRS 3 (encircled in the //-band view). The bright source to the northeast (upper left) is the 
supergiant IRS 7. A histogram equalization color scale is used, while the contour lines follow a logarithmic scale in order to show 
the IRS 3 source structure as clearly as possible. 
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Fig. 5. Two-color diagram showing (K - L) t, s versus (H - K) b s . The triangles represent sources from the inner 18"xl8", 
squares represent brighter sources (m L <9.5) and the diamonds a selection of fainter sources from outside this inner region. 
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Fig. 6. Two-color diagram showing (L - M) b s versus (K - L) G b s . The triangles represent sources from the inner 18"xl8", the 
squares represent brighter sources (mi <9.5) and the diamonds a selection of fainter sources from outside this inner region. The 
marked areas fully contain the spectroscopically identified He stars and red giants / AGB stars from Tabled 
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Table 1 : Photometry of sources detected in NAOS/CONICA and a t least 
one ISAAC image. The classifications are from Blu m et alJ (fl996). with 
"cool" referring to red giants or supergiants and "red" signifying objects 
with featureless Zf-band spectra and a strong IR excess. The zeropoint 
for the positions is 17:45:42.93 RA -29:00:29.91 DEC (IRS 16NE) in the 
J2000 coordinate system, with an offset of 2.83"(RA) and -0.91"(DEC) 
from Sgr A*. 



ID 


Name 


Aa{ ) 


Ad( ) 


H 


A 


L 


M 


(H - Ajobs 


(K - .L) bs 


(L - M) bs 


Notes 


50 


IRS 30E 


-8.59 


4.81 


13.12 


10.33 


8.84 


9.12 


2.80 


1.48 


-0.28 




102 


IRS 9 


2.67 


-7.51 


11.78 


9.41 


6.89 


6.90 


2.38 


2.52 


-0.02 


cool 


179 




-0.56 


-1.25 


14.54 


12.40 


9.08 


8.09 


2.14 


3.32 


0.99 




181 


IRS 30W 


-9.40 


5.17 


12.86 


10.21 


8.76 


8.87 


2.65 


1.45 


-0.12 




187 


IRS 29 


-4.51 


0.50 


14.16 


10.36 


6.90 


6.31 


3.81 


3.45 


0.59 


WC9 


197 




1.69 


-4.53 


13.15 


11.30 


10.17 


9.99 


1.85 


1.13 


0.18 




200 




-7.53 


-9.83 


14.46 


12.09 


10.65 


>12.73 


2.37 


1.44 


-3.08 




202 


IRS 14SW 


-3.33 


-10.02 


11.83 


9.56 


8.23 


8.54 


2.27 


1.33 


-0.31 


cool 


277 


IRS 16C 


-1.79 


-0.49 


11.70 


9.64 


8.07 


7.78 


2.06 


1.57 


0.29 


He I 


373 




-11.42 


6.48 


13.02 


>17.66 


8.97 


9.24 


-5.64 


9.69 


-0.27 




376 




-1.45 


-2.44 


13.76 


10.84 


8.92 


8.23 


2.92 


1.92 


0.69 




382 




0.04 


-6.83 


>20.34 


14.21 


8.35 


7.70 


7.13 


5.86 


0.65 




383 


IRS 12N 


-6.38 


-7.87 


11.73 


9.25 


6.63 


6.43 


2.48 


2.63 


0.19 


cool 


385 


IRS 14S 


-2.37 


-10.44 


13.02 


10.90 


9.71 


9.80 


2.12 


1.18 


-0.08 




417 




-6.82 


4.09 


14.25 


11.73 


10.08 


9.37 


2.52 


1.65 


0.72 




418 


IRS 16CC 


-0.87 


-0.49 


12.13 


10.19 


8.50 


7.92 


1.94 


1.69 


0.57 


He I 


421 




0.28 


5.28 


14.66 


11.99 


10.65 


>12.73 


2.66 


1.34 


-3.08 




422 




3.23 


5.90 


15.06 


12.59 


10.89 


>12.73 


2.47 


1.70 


-2.84 




423 


IRS 10E 


5.87 


2.97 


12.63 


10.50 


8.84 


8.92 


2.13 


1.65 


-0.08 


cool 


426 




-10.01 


2.82 


14.28 


12.02 


11.39 


9.93 


2.26 


0.63 


1.46 




427 




0.70 


-3.38 


13.41 


10.90 


9.58 


>12.73 


2.50 


1.32 


-4.15 




428 


IRS 16NW 


-2.86 


0.26 


11.66 


9.84 


8.38 


8.24 


1.82 


1.46 


0.14 


He I 


430 


IRS 29S 


-4.82 


0.01 


12.33 


10.34 


9.81 


>12.73 


2.00 


0.53 


-3.92 


cool 


432 




-11.72 


-2.36 


14.26 


11.85 


10.30 


>12.73 


2.41 


1.55 


-3.43 




433 




-10.34 


-2.53 


14.73 


12.34 


9.38 


8.43 


2.39 


2.96 


0.95 




435 




-10.72 


-4.41 


13.27 


11.29 


9.66 


9.23 


1.98 


1.63 


0.43 




437 




5.08 


-6.75 


14.66 


12.41 


10.85 


>12.73 


2.25 


1.56 


-2.88 




438 




-9.96 


-8.32 


13.89 


11.81 


10.78 


>12.73 


2.07 


1.04 


-2.95 




439 




-10.25 


-8.80 


13.09 


11.50 


10.28 


10.11 


1.59 


1.22 


0.17 




440 




-10.66 


-8.35 


14.01 


11.93 


10.81 


>12.73 


2.08 


1.12 


-2.92 




441 


IRS 14NE 


-2.20 


-9.19 


11.84 


9.43 


7.71 


7.87 


2.41 


1.72 


-0.16 


cool 


461 




-4.20 


1.85 


14.02 


11.44 


9.47 


9.77 


2.58 


1.97 


-0.30 




462 




-0.83 


-4.95 


15.90 


13.66 


9.48 


10.27 


2.23 


4.18 


-0.79 




464 




3.89 


-7.63 


15.32 


13.14 


10.85 


>12.73 


2.18 


2.29 


-2.88 




465 




-8.47 


-10.46 


>12.73 


11.63 


10.43 


10.85 


2.11 


1.20 


-0.42 




488 


IRS 1C 


4.05 


-0.22 


12.62 


10.42 


8.50 


8.54 


2.20 


1.92 


-0.04 




490 




-9.24 


3.69 


14.48 


12.03 


10.58 


10.59 


2.45 


1.45 


-0.02 




491 




-2.37 


-1.44 


15.16 


12.88 


10.38 


>12.73 


2.28 


2.50 


-3.35 




492 


IRS 21 


-0.58 


-3.80 


14.01 


10.41 


6.29 


5.47 


3.61 


4.12 


0.82 


red 


498 




-8.91 


-4.03 


14.16 


11.43 


10.05 


9.56 


2.73 


1.38 


0.49 




500 




-9.48 


-8.30 


14.00 


12.09 


11.33 


11.34 


1.91 


0.77 


-0.02 




501 




-3.21 


-8.25 


14.20 


12.17 


10.64 


>12.73 


2.03 


1.53 


-3.09 




502 




-3.59 


-8.36 


13.71 


11.26 


10.21 


10.98 


2.45 


1.05 


-0.77 




503 




-5.05 


-10.21 


12.93 


10.65 


9.03 


9.32 


2.28 


1.62 


-0.29 




523 




-6.76 


0.58 


>20.34 


15.07 


9.66 


8.80 


6.27 


5.41 


0.87 




524 




-6.08 


0.67 


15.09 


12.93 


9.80 


>12.73 


2.17 


3.13 


-3.93 




525 


IRS 29NE 


-3.90 


1.15 


14.61 


11.57 


8.91 


8.53 


3.04 


2.66 


0.38 




527 




-11.21 


-3.72 


14.33 


12.03 


10.74 


11.35 


2.31 


1.29 


-0.61 
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ID 


Name 


\ 7 




H 


K 


L 


M 


(H - FT) k 


(K - D u 




Notes 


528 




-11.96 


A 1 A 

-4.24 


13.71 


1 1.91 


10.51 


10.34 


1.80 


1.40 


0.17 




529 




1.85 


-6.73 


13.80 


11.80 


9.92 


>12.73 


2.00 


1.89 


-3.81 




530 




O Cf\ 

2.50 


-7.03 


1 O /CO 

13.62 


11 /c c 

1 1.65 


O O A 

8.34 


TCI 

7.51 


1 A/C 

1.96 


O O 1 

3.31 


A O A 

0.84 




C O 1 

531 




1.71 


-9.29 


14.96 


1 o o/z 

12.86 


10.07 


>12.73 


2.10 


2.79 


O £^ 

-3.66 




532 




-1 1.74 


-6.16 


14.52 


12.55 


11.03 


10.45 


1.96 


1.52 


0.58 




533 




-12.10 


-6.58 


12.37 


10.57 


9.25 


9.05 


1.80 


1.32 


0.20 




CO A 

534 


it) ri i An 

IRS 12S 


-6.57 


-9.54 


12.07 


1 A AO 

10.03 


8.31 


8.91 


2.04 


1.73 


A H 1 

-0.61 


cool 


CI C 

535 




2.21 


1 A CO 

-10.53 


1 A C\H 

14.97 


1 o OO 

12.83 


1 A /C A 

10.64 


>12.73 


O 1 /I 

2.14 


O 1 A 

2.19 


O AA 

-3.09 




C A C\ 

549 




11 a /i 

-1 1.94 


1 A AO 

-10.03 


1 /l T/C 

14.76 


12.77 


1 A O C 

10.35 


1 A C/C 

10.56 


1 AO 

1.98 


O A O 

2.42 


A 1 1 

-0.21 




C f~l 

567 




-5.29 


C 1 A 

5.10 


1 c o /i 

15.24 


12.90 


11.31 


10.02 


2.34 


1 CO 

1.58 


1.29 




568 




1.44 


2.20 


14.93 


12.99 


10.06 


>12.73 


1.94 


2.93 


-3.67 




569 


IRS 35 


0.07 


-2.23 


14.55 


11.80 


8.63 


9.00 


2.75 


3.17 


-0.37 




C -7A 

570 




/i a/c 

4.06 


1 O 1 

-1.31 


1 O AC 

12.95 


1 A A C 

10.45 


O CO 

8.53 


O A 1 

8.91 


O A A 

2.49 


1 AO 

1.93 


A OA 

-0.39 




571 


IRS lSb 


4.65 


1 C A 

-1.59 


1 O /I H 

12 Al 


1 A A O 

10.48 


O TO 

8.78 


>12.73 


1 AA 

1.99 


1.71 


A AC 

-4.95 


1 

cool 


en A 

574 




C O C 

5.25 


/I /CO 

4.63 


1 c o c 

15.35 


1 O OA 

13.20 


1 A A/C 

10.96 


>12.73 


'I 1 /i 
2.14 


2.24 


O 1 

-2.76 




580 




6.14 


-0.71 


>20.34 


1 O H C 

12.65 


9.95 


9.14 


8.70 


2.70 


0.81 




C O 1 

581 




6.63 


-0.89 


>20.34 


12.47 


10.62 


9.86 


8.87 


1 O C 

1.85 


0.76 




582 




-2.86 


-4.37 


15.98 


13.71 


9.85 


>12.73 


2.27 


3.86 


-3.88 




CO A 

584 




2.62 


A O C 

-9.35 


1 O O 1 

13.81 


11 O /C 

1 1.36 


A A A 

9.40 


O /CO 

8.62 


O /I C 

2.45 


1 A/C 

1.96 


A T~l 

0.77 




COO 

588 




-6.64 


O C 1 

-8.51 


1 r 1 CO 

12.58 


10.61 


9.04 


A A A 

9.04 


1 AT 

1.97 


1 CO 

1.58 


A A 1 

-0.01 




610 




- 1 1 .49 


-7.01 


13.39 


1 1.67 


10.49 


10.18 


1.72 


1.18 


0.31 




612 




-5.35 


-9.60 


13.78 


1 1.74 


10.93 


11.10 


2.04 


0.80 


-0.16 




617 




o ao 

-2.93 


1 A 07 

-10.87 


1 C 7fl 

15.79 


1 O OA 

12.80 


1 A C 1 

10.51 


11 a a 

1 1.04 


O AA 

2.99 


2.29 


A C1 

-0.53 




626 




2.24 


3.59 


>20.34 


13.05 


9.05 


8.16 


8.30 


4.00 


0.89 




/COO 

628 


TO C 1 MF7F7 

IRS lNbb 


a on 

4.87 


A -1 C 

0.45 


1 '"I 

12.76 


1 A C/C 

10.56 


A OO 

9.23 


A CI 

9.57 


O 1 A 

2.19 


1 O yl 

1.34 


A O A 

-0.34 




629 




-6.61 


0.97 


14.28 


11.81 


8.87 


8.32 


2.48 


2.94 


0.55 




630 


IRS 34 


-7.01 


0.77 


14.64 


1 1.32 


8.23 


7.62 


3.32 


3.09 


0.6 1 


He I 


631 


IRS 33SE 


-2.33 


-4.13 


1 1.97 


9.95 


8.17 


8.03 


2.02 


1.78 


0.13 




633 




-2.23 


-5.09 


13.87 


1 1.94 


10.38 


>12.73 


1.92 


1 CT 

1.57 


-3.35 




635 




1.07 


C O A 

-5.84 


1/1 1 £ 

14.16 


11 O 1 

11.81 


1 A OA 

10.20 


>12.73 


o o c 

2.35 


1 /C 1 

1.61 


O CO 

-3.53 




636 




-1.22 


-7.39 


12.90 


10.79 


9.63 


10.25 


2.1 1 


1 1 z' 

1.16 


-0.62 




637 


A T" 1 / A T TT T 

AF/AHH 


-9.68 


-7.81 


12.46 


10.43 


8.70 


8.10 


2.03 


1.72 


0.60 


He I 


638 




-0.50 


-8.80 


14.37 


11.90 


10.53 


>12.73 


2.46 


1.38 


-3.20 




647 


IRS 7 


-2.80 


4.63 


10.32 


8.77 


4.48 


4.30 


1.56 


4.28 


0.18 


cool M2 I 


650 


TTI C /CT7 

IRS 6b 


O 1 /c 

-8.16 


A AT 

-0.07 


1 O CI 

12.57 


A C O 

9.58 


/C O A 

6.34 


C T 1 

5.71 


O AA 

3.00 


O O /I 

3.24 


A /CO 

0.62 


WC9 


651 


TTI C /CT.T7 

IRS 6 W 


1 A 1C 

-10.75 


A £ 1 

0.61 


1 o OO 

12.33 


1 A 1 A 

10.19 


i~i OO 

7.83 


ZC O yl 

6.84 


r i 1 /i 
2.14 


O O /C 

2.36 


A AO 

0.98 




655 


IRS 1NE 


4.22 


0.73 


12.59 


10.28 


8.52 


8.72 


2.31 


1.76 


-0.20 


cool 


/c c o 

658 




4.65 


4.99 


16.53 


14.10 


10.71 


>12.73 


2.42 


3.39 


-3.02 




661 




1 o c 

-1.25 


1 ^O 

-1.62 


14.93 


12.83 


8.86 


8.42 


2.10 


3.96 


0.45 




662 


TT* C" 1^"OTY7T7 

IRS 16SWb 


-1.08 


-2.17 


13.45 


10.67 


7.70 


7.12 


2.78 


2.97 


0.57 




663 




1 C 1 

-1.51 


O O/C 

-8.26 


1 /I AO 

14.02 


1 O AO 

12.03 


1 A A O 

10.43 


>12.73 


1 AA 

1.99 


1 /C A 

1.60 


O OA 

-3.30 




669 




4.67 


1.73 


1 c ^o 

15.63 


13.41 


11.31 


9.87 


2.21 


2.10 


1 /I C 

1.45 




670 




-2.88 


-1.06 


15.56 


12.93 


10.62 


>12.73 


2.63 


2.31 


-3.11 




671 




-1.69 


-2.92 


12.52 


10.34 


8.54 


7.94 


2.18 


1.80 


0.60 




672 




-1.33 


-3.91 


14.08 


11.84 


9.54 


>12.73 


2.24 


2.30 


-4.19 








W.Zo 


% 77 


1 s on 

1 J. WW 


1 7 


1 n 77 

1W. /z 




Z.JO 


1 71 


-9.W1 




675 




0.17 


-5.96 


14.22 


12.09 


8.64 


8.37 


2.13 


3.45 


0.27 




676 




1.31 


-8.36 


16.17 


13.90 


9.10 


7.91 


2.27 


4.80 


1.19 




677 




-4.83 


-7.43 


13.61 


11.36 


9.72 


10.05 


2.24 


1.64 


-0.33 




679 




2.91 


5.08 


17.54 


13.92 


10.39 


>12.73 


3.61 


3.53 


-3.34 




680 




5.43 


3.25 


13.48 


11.29 


9.72 


>12.73 


2.19 


1.57 


-4.01 




681 


IRS 1SW 


3.50 


-0.84 


12.73 


10.43 


7.33 


6.54 


2.30 


3.10 


0.79 




690 




-3.38 


-3.06 


17.28 


14.68 


8.95 


8.54 


2.61 


5.73 


0.40 




691 




0.68 


-7.04 


17.28 


>17.66 


9.20 


8.40 


-1.37 


9.46 


0.81 




694 




-2.87 


3.34 


16.79 


14.05 


9.39 


>12.73 


2.74 


4.66 


-4.34 
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ID 


Name 




ASO 


H 


K 


L 


M 


(H - FT) u 


(K - D u 




Notes 


697 


IRS 1W 


O A O 

2.43 


-0.50 


11.73 


8.90 


4.92 


4.02 


2.83 


3.98 


0.90 


red 


698 


IRS 16NE 


0.00 


0.00 


10.68 


9.18 


7.16 


6.87 


1.49 


2.03 


0.29 


He I 


702 


TT) C 1 A\T7 

IRS 10W 


3.75 


4.07 


1 O AC 

12.95 


A O C 

9.86 


OC 

6.25 


C AO 

5.02 


O AA 

3.09 


o a 1 

3.61 


1 OO 

1.23 




704 




1.60 


4.26 


13.60 


1 1.34 


9.11 


>12.73 


2.26 


2.23 


A SL O 

-4.62 




705 




-9.65 


2.04 


17.36 


14.52 


9.75 


>12.73 


2.84 


4.77 


-3.98 




710 




-0.06 


-1.12 


14.77 


12.34 


9.11 


>12.73 


2.42 


3.23 


-4.62 




711 


mo o o o \i r 

IRS 33SW 


-3.35 


A r\f\ 

-4.20 


12.73 


1 A HC\ 

10.69 


O ^ 1 

8.61 


O £L C 

8.65 


2.05 


2.08 


A A /f 

-0.04 




715 




O 1C 

-2.75 


5.53 


1 C HH 

15.77 


1 A CA 

14.50 


10.66 


>\1.1 5 


1.27 


O O A 

3.84 


O AO* 

-3.07 




716 




-0.27 


C C 1 

-5.51 


17.44 


>17.66 


1 A AC 

10.05 


o 

8.66 


1 oo 

-1.22 


O C 1 

8.61 


1 OA 

1.39 




718 




0.83 


-8.37 


13.85 


11.69 


A 1 C 

9.15 


8.40 


O 1 -c 

2.16 


2.53 


0.75 




720 




-7.01 


-6.46 


14.38 


1 1.60 


7.63 


H C A 

6.54 


2.78 


3.97 


1.10 




721 




0.70 


-6.36 


17.47 


15.65 


9.24 


>12.73 


1.82 


6.41 


-4.49 




723 


TT) P TCI' 

IRS 7Sb 


-0.61 


O CI 

3.52 


1 O 

13.38 


1 1 OA 

1 1.20 


1 A OO 

10.32 


1 A OO 

10.22 


O 1 O 


A O O 

0.88 


A 1 A 

0.10 




724 




o a /i 

2.94 


1.13 


1 /I OA 

14.29 


1 O A-7 

12.07 


A A 1 

9.91 


>12.73 


o oo 

2.22 


O 1 tC 

2.1o 


o oo 

-3.82 




TIC 

725 




o a o 

2.98 


1 AC 

-1.05 


1 O 77 

13.77 


11.16 


H O A 

134 


H A 1 

6.91 


o cc\ 

2.60 


o oo 

3.82 


A A O 

0.43 




728 




-9.00 


-1.92 


16.49 


14.16 


9.80 


8.94 


2.32 


/I o ^ 

4.36 


0.86 




729 




-10.41 


-0.68 


15.45 


13.27 


10.12 


>12.73 


2.18 


O 1 c 

3.15 


-3.61 




730 




0.84 


5.61 


15.56 


13.64 


11.10 


9.77 


1.92 


2.54 


1.33 




731 




/I C/C 

-4.56 


-1.45 


1 a n 

14.23 


1 o 

12.32 


A A A 

9.94 


A OO 

9.22 


1 A 1 

1.91 


o o o 

2.38 


A TO 

0.72 




733 




o o c 

-2.25 


o £r\ 
-2.60 


1 O AO 

13.03 


11 1 A 

11.10 


o c c 

8.56 


^ 1 O *70 

>12.73 


1 A /I 

1.94 


O C /I 

2.54 


C 1 o* 

-5.17 




737 




-1.41 


3.69 


14.42 


11.55 


9.87 


10.44 


2.87 


1 £L O 

1.68 


-0.57 




739 




-3.85 


6.78 


13.08 


1 1.37 


9.65 


9.50 


1.71 


1.72 


0.15 




741 




-3.81 


-2.53 


13.46 


1 1.24 


9.25 


9.03 


2.23 


1.99 


0.21 




742 




-6.70 


-4.24 


18.79 


15.40 


8.00 


>12.73 


3.39 


7.41 


-5.73 




743 




O O C 

-3.25 


T 1 A 

-7.10 


1 O 1 A 

13.10 


1 A OA 

10.80 


A O/C 

9.26 


A 1 A 

9.10 


O OA 

2.29 


1 C /I 

1.54 


0.16 




744 




2.21 


-8.21 


13.61 


1 1.64 


9.92 


9.45 


1.96 


1.72 


0.48 




745 




1.00 


6.24 


>20.34 


1 1.02 


8.91 


7.94 


10.33 


2.10 


0.97 




748 




4.64 


3.92 


16.00 


13.50 


10.07 


>12.73 


2.50 


3.43 


-3.66 




751 




-7.07 


-2.98 


13.68 


10.89 


7.97 


8.00 


2.78 


2.92 


-0.03 




752 




4.34 


5.72 


1 C 11 

15.22 


1 O OA 

13.39 


1 A AA 

10.90 


^ 1 O -70 

>12.73 


1 OO 

1.83 


O A A 

2.49 


o OO 

-2.83 




753 




-1.87 


4.89 


13.74 


11.17 


9.48 


10.02 


o c a 

2.56 


1.69 


-0.54 




754 




1.64 


0.69 


16.12 


14.20 


9.85 


>12.73 


1.92 


4.34 


-3.87 




755 




-4.57 


-3.82 


13.52 


1 1.57 


9.32 


9.66 


1.95 


2.25 


-0.34 




757 




1.22 


-9.13 


14.82 


12.40 


9.70 


>12.73 


2.42 


2.70 


-4.03 




759 




C OA 

-5.80 


4.61 


1 A OA 

14.80 


1 O /I 1 

12.41 


1 A A O 

10.48 


>12.73 


O O A 

2.39 


1 AO 

1.93 


o o c 

-3.25 




760 




O OO 

-3.83 


1 a/c 

-1.96 


15.76 


1 O A O 

13.42 


1 A T~l 

10.77 


. n -to 

>12.73 


O O A 

2.34 


O A 

2.64 


O AC 

-2.95 




761 




0.49 


-1.57 


15.26 


12.97 


9.62 


>12.73 


2.29 


3.36 


-4.1 1 




763 




1.13 


-7.82 


15.08 


13.23 


9.33 


>12.73 


1.86 


3.90 


-4.40 




769 




-6.06 


-1.82 


16.69 


13.61 


7.36 


6.55 


3.08 


6.24 


0.82 




772 




0.17 


2.45 


15.37 


12.26 


9.77 


>12.73 


3.11 


2.49 


-3.96 




774 




-4.29 


-1.21 


14.07 


12.19 


10.23 


9.80 


1.88 


1.96 


0.42 




775 




a o c 

-6.35 


-3.78 


18.20 


1 C A/' 

15.06 


7.57 


7.19 


O 1 c 

3.15 


7.49 


0.38 




776 




-7.51 


-7.51 


17.26 


15.08 


9.81 


>12.73 


2.17 


5.27 


-3.92 




778 




-1.25 


C C £L 

5.56 


15.84 


12.87 


11.03 


11.16 


2.96 


1 o c 

1.85 


-0.13 




779 




-5.23 


1.94 


18.21 


14.82 


8.95 


>12.73 


3.39 


5.87 


-4.77 




/ o 1 


TDC OO 


6 7S 


-J.Dl 


1 9 8^ 
IZ.oj 


1W. lo 


7 Q9 


7 ^ 




9 96 


W. JO 


cool 


782 


IRS 20 


-3.92 


-6.23 


12.54 


10.57 


8.70 


8.61 


1.97 


1.87 


0.09 


cool 


784 




2.60 


1.98 


13.72 


11.68 


9.79 


9.53 


2.04 


1.89 


0.27 




785 




-8.54 


1.74 


19.78 


>17.66 


9.57 


8.25 


1.12 


9.09 


1.32 




786 


IRS 16SW 


-1.87 


-1.97 


11.53 


9.80 


7.92 


7.53 


1.74 


1.88 


0.39 


He I 


791 




-6.30 


3.04 


17.92 


16.14 


9.28 


>12.73 


1.77 


6.86 


-4.44 




792 




-8.95 


-1.41 


17.42 


14.36 


10.06 


8.96 


3.06 


4.30 


1.11 




820 


IRS 3 


-5.24 


2.91 


14.98 


10.64 


4.84 


3.35 


4.35 


5.8 


1.49 


red 


825 


IRS 10E* 


4.94 


3.11 


13.62 


9.76 


5.95 


5.20 


3.86 


3.81 


0.75 




828 




1.21 


1.48 


17.09 


14.82 


10.63 


>12.73 


2.26 


4.20 


-3.10 





Viehmann et al.: L- and M-band Observations of the GC, Online Material p 5 

Table 1: continued 



1 u 


Name 


Aa{ ) 


A0( ) 


1 1 


V 

A 




IVl 


{n - a ) b s 


(A - .L) b s 


(L — M) 


829 




0.88 


0.60 


14.54 


12.10 


9.20 


8.31 


2.44 


2.90 


0.89 


830 




0.76 


-0.01 


15.29 


12.81 


9.56 


8.58 


2.48 


3.26 


0.98 


831 




1.02 


-0.79 


17.14 


14.91 


9.78 


>12.73 


2.22 


5.13 


-3.94 


833 




-9.26 


0.70 


18.19 


15.86 


9.61 


>12.73 


2.33 


6.25 


-4.12 


836 




-8.89 


-0.81 


16.75 


14.26 


9.88 


>12.73 


2.50 


4.38 


-3.85 


838 




-5.62 


-2.32 


>20.34 


13.26 


8.16 


7.07 


8.09 


5.09 


1.09 


839 


IRS 13E 


-6.18 


-2.49 


12.16 


9.02 


6.18 


5.73 


3.13 


2.84 


0.45 


840 




-5.93 


-2.63 


11.90 


>17.66 


7.19 


6.63 


-6.76 


11.47 


0.56 


841 




-7.31 


-2.48 


14.21 


12.26 


8.86 


8.73 


1.95 


3.41 


0.12 


845 




-5.69 


-4.65 


16.57 


14.01 


8.82 


>12.73 


2.56 


5.19 


-4.91 


846 


IRS 2L 


-6.47 


-4.82 


14.26 


10.60 


6.49 


5.55 


3.67 


4.11 


0.94 


848 




-4.98 


-5.19 


16.53 


14.32 


9.33 


8.60 


2.21 


4.99 


0.73 


849 




-5.54 


-5.32 


16.83 


14.61 


8.77 


7.80 


2.21 


5.84 


0.97 


851 




-4.20 


-5.23 


>20.34 


16.04 


9.66 


9.24 


5.31 


6.38 


0.42 


852 




-4.76 


-5.87 


15.58 


13.47 


9.15 


>12.73 


2.11 


4.33 


-4.58 


856 




-2.93 


-5.84 


15.69 


13.63 


10.34 


>12.73 


2.06 


3.29 


-3.39 


857 




-3.57 


-6.47 


14.37 


12.33 


9.90 


>12.73 


2.04 


2.43 


-3.83 


864 




1.69 


3.96 


15.03 


12.39 


>14.47 


8.69 


2.64 


-3.08 


6.77 


865 




1.57 


-0.87 


14.83 


13.00 


>14.47 


8.92 


1.83 


-2.47 


6.54 


866 




0.28 


-1.07 


14.91 


12.48 


>14.47 


9.09 


2.42 


-2.98 


6.38 


867 




-11.30 


-0.91 


16.28 


14.12 


>14.47 


9.06 


2.17 


-1.35 


6.41 


868 




-0.90 


-1.61 


13.81 


11.48 


>14.47 


8.62 


2.33 


-3.99 


6.85 


869 




-5.81 


-3.74 


14.60 


12.11 


>14.47 


7.73 


2.48 


-3.36 


7.74 


870 




-4.51 


-5.76 


14.53 


12.27 


>14.47 


8.88 


2.26 


-3.19 


6.59 


871 




1.49 


-7.91 


17.80 


15.11 


>14.47 


8.84 


2.68 


-0.36 


6.62 


874 




-8.65 


-0.90 


17.28 


14.73 


>14.47 


9.68 


2.55 


-0.74 


5.79 


876 




-5.66 


1.93 


16.15 


13.94 


>14.47 


8.96 


2.22 


-1.53 


6.51 


877 




2.51 


-1.02 


15.05 


12.36 


>14.47 


7.54 


2.70 


-3.11 


7.93 


878 




-7.11 


-3.55 


16.93 


15.32 


>14.47 


8.36 


1.62 


-0.15 


7.11 


879 




1.10 


-6.90 


15.70 


13.78 


>14.47 


8.77 


1.92 


-1.69 


6.70 


880 




-7.27 


-8.02 


15.33 


13.12 


>14.47 


9.55 


2.21 


-2.35 


5.91 


881 




-6.63 


2.72 


17.23 


14.93 


>14.47 


8.11 


2.30 


-0.54 


7.36 


882 




1.38 


0.32 


16.97 


15.19 


>14.47 


8.84 


1.78 


-0.28 


6.63 


884 




-8.58 


-2.16 


15.11 


12.66 


>14.47 


9.56 


2.45 


-2.81 


5.91 


886 




-2.59 


-4.35 


14.40 


12.21 


>14.47 


9.77 


2.19 


-3.26 


5.69 


887 




-7.44 


-6.89 


16.99 


14.79 


>14.47 


8.63 


2.20 


-0.68 


6.84 


888 




-6.79 


-9.56 


13.30 


11.08 


>14.47 


10.46 


2.22 


-4.39 


5.01 


890 




-2.62 


-3.51 


15.78 


14.40 


>14.47 


8.34 


1.38 


-1.07 


7.13 


892 




2.21 


3.05 


17.36 


15.11 


>14.47 


8.44 


2.25 


-0.36 


7.02 


893 




-3.88 


-1.62 


16.56 


14.85 


>14.47 


10.49 


1.71 


-0.62 


4.98 



Notes 



He I 



ID 

~T 

3 
4 
5 
7 
8 
9 

10 
11 

12 
14 
15 
16 
18 
19 
20 
23 
24 
25 
28 
29 
30 
31 
32 
36 
38 
39 
40 
41 
42 
43 
44 
45 
47 
48 
49 
51 
52 
53 
54 
55 
57 
58 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
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tside the NAOS/CONICA field of view 



M 



9.93 

10.65 

9.51 

10.06 

9.32 

10.06 

10.97 

10.39 

10.25 

9.38 

11.09 

11.01 

7.46 

8.55 

11.20 

9.53 

9.69 

9.54 

8.76 

9.99 

7.93 

10.24 

8.04 

9.77 

9.44 

9.09 

8.59 

10.25 

8.63 

9.79 

9.20 

11.05 

9.76 

7.29 

9.02 

10.97 

9.84 

9.91 

9.47 

9.87 

11.07 

9.95 

11.19 

9.90 

10.65 

10.38 

9.86 

10.52 

10.63 

11.16 

9.85 

9.63 

9.82 

10.33 



(L - M) obs 



-0.35 
-0.35 
-0.23 
-0.45 
-0.36 
-0.35 
-0.59 
-0.47 
-0.31 
0.08 
-0.51 
-0.37 
0.04 
-0.19 
-0.48 
-0.41 
-0.52 
-0.01 
-0.23 
-0.29 
-0.27 
-0.23 
-0.14 
-0.62 
-0.21 
-0.09 
-0.07 
-0.01 
-0.28 
-0.41 
-0.33 
-0.53 
-0.49 
1.07 
-0.19 
-0.35 
-0.34 
0.05 
-0.33 
-0.42 
-0.52 
-0.29 
-0.59 
-0.25 
-0.32 
-0.39 
-0.35 
-0.44 
-0.21 
-0.81 
-0.34 
-0.19 
-0.36 
-0.65 
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ID 




ASC'i 




M 


(L - Mi u 


71 


-19.19 


-15.94 


10.34 


10.72 


-0.38 


72 


23.15 


-17.55 


8.91 


9.20 


-0.29 


73 


O O CA 

-32.50 


-17.29 


A OA 

9.89 


1 n 

10.22 


A O O 

-0.33 


74 


-4.43 


-20.02 


9.91 


10.33 


A A O 

-0.42 


76 


-23.65 


-21.25 


9.81 


10.17 


-0.37 


77 


10.95 


-23.19 


9.53 


10.04 


-0.51 


79 


-3.74 


-26.49 


9.56 


9.92 


A O C 

-0.35 


82 


O C A7 

25.07 


TO AO 

-28.98 


1 A A O 

10.42 


1 A /CO 

10.62 


A O 1 

-0.21 


84 


A AC\ 

-9.49 


OO 1 o 

-32.13 


1 a n 

10.27 


10.48 


A O 1 

-0.21 


o^: 

86 


C 1 £L 

5.16 


-33.02 


1 A O C 

10.25 


10.89 


A £L A 

-0.64 


87 


o c c c 

-25.55 


-33.40 


9.88 


10.31 


-0.43 


88 


30.26 


-35.49 


10.39 


10.96 


-0.57 


89 


4.65 


O /I AC 

-34.95 


A H 1 

9.71 


1 A 1 A 

10.19 


A A O 

-0.48 


93 


1 H O/C 

17. ZD 


27.79 


O /CO 

8.63 


O O A 

8.84 


A OO 

-O.zz 


94 


-13.43 


O -1 OA 

24.89 


1 A C 1 

10.51 


1 A O O 

10.88 


A 77 

-0.37 


95 


-13.68 


24.10 


9.05 


9.38 


-0.33 


96 


-16.60 


20.03 


7.62 


7.48 


0.14 


97 


23.22 


19.41 


10.62 


10.81 


-0.18 


98 


8.58 


1 1C 

-1.75 


A C 1 

9.51 


A /C O 

9.68 


n i n 

-0.17 


99 


-15.48 


7.47 


9.38 


9.51 


-0.13 


100 


-28.06 


-1.08 


9.77 


10.14 


-0.37 


101 


-21.11 


-2.56 


9.96 


10.83 


-0.87 


105 


-28.14 


-14.91 


9.94 


10.28 


-0.34 


106 


-33.20 


-21.81 


9.50 


9.90 


-0.40 


107 


O/C O A 

26.39 


OO /I A 

-23.40 


A /CO 

9.62 


1 A AC 

10.05 


A A O 

-0.43 


108 


-2.09 


-28.81 


7.92 


8.00 


-0.08 


1 1 A 

1 10 


27.84 


-33.49 


10.06 


10.71 


-0.65 


113 


0.14 


36.45 


10.24 


10.66 


-0.41 


1 14 


1.51 


35.89 


10.67 


1 1.26 


-0.59 


1 1 /C 

1 16 


1/1 O 1 

14.81 


O O 1C 

33.75 


9.76 


in i 1 
lO.l l 


n ir 
-0.35 


1 17 


-5.84 


34.15 


9.98 


10.34 


-0.36 


121 


1 1.14 


30.48 


10.53 


10.81 


-0.28 


122 


12.12 


30.22 


9.71 


9.74 


-0.02 


123 


33.68 


29.52 


6.35 


6.29 


0.06 


125 


13.88 


OA TO 

29.72 


A /CA 

9.60 


A OO 

9.83 


A OO 

-0.23 


126 


1 A C A 

14.54 


O O AO 

28.98 


1 A /CA 

10.69 


11 11 
1 1.21 


ft ri 

-0.51 


127 


1.32 


26.33 


10.04 


10.29 


-0.25 


no 

128 


2.28 


26.18 


10.28 


10.52 


-0.24 


129 


-9.55 


29.10 


9.34 


9.67 


-0.34 


131 


23.22 


24.94 


10.44 


10.76 


-0.32 


1 OO 

132 


T7 OO 

27.82 


O C 1 /C 

25.36 


1 A O C 

10.25 


1 A /CO 

10.62 


A O O 

-0.38 


133 


24.44 


23.30 


in /if 

10.45 


1 A C O 

10.58 


-0.13 


134 


25.25 


22.75 


10.56 


10.95 


-0.40 


135 


21.36 


24.87 


10.19 


10.50 


-0.31 


136 


-17.57 


24.49 


10.00 


9.91 


0.09 




1 7 f^Q 


74. 78 


Q ^7 


7.D1 


n 7/t 


138 


18.14 


23.94 


9.42 


9.66 


-0.24 


140 


0.44 


23.35 


10.78 


10.68 


0.10 


142 


-11.32 


23.01 


8.84 


8.86 


-0.01 


143 


16.35 


21.31 


9.79 


10.05 


-0.26 


144 


6.11 


19.47 


9.58 


9.91 


-0.32 


145 


6.76 


21.14 


10.23 


10.45 


-0.22 


146 


24.78 


20.24 


9.59 


9.97 


-0.38 


148 


-2.50 


19.22 


9.93 


10.25 


-0.32 


149 


14.35 


18.70 


9.26 


9.61 


-0.36 
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ID 








M 


(J _ M\ , 


1 CA 

150 


-37.44 


19.59 


9.78 


10.05 


-0.27 


151 


-1 1.88 


18.48 


9.75 


9.70 


0.05 


1 CI 

152 


o o a*> 

-33.03 


1 O AA 

18.90 


O CI 

8.53 


O 11 

8.73 


A OA 

-0.20 


1 C A 

154 


-25.92 


17.39 


10.02 


10.50 


A A O 

-0.48 


155 


-25.73 


16.71 


8.49 


8.74 


-0.25 


157 


-13.82 


16.91 


9.99 


10.14 


-0.15 


1 c o 

158 


28.46 


1 c /: i 

15.67 


9.83 


9.81 


0.03 


1 C 1 

161 


6.71 


14.37 


1 A 1 A 

10.10 


1 A OA 

10.29 


A 1 A 

-0.19 


1 /CO 

loz 


9.12 


14.17 


1 A 07 

10.87 


1 1 oo 

1 1.22 


Air 

-0.35 


163 


16.57 


12.19 


10.1 1 


10.40 


-0.29 


164 


12.43 


12.29 


9.34 


9.67 


-0.33 


166 


9.09 


11.60 


10.03 


10.14 


-0.11 


168 


10.53 


11 A A 

1 1.94 


8.67 


O O/C 

8.86 


A 1 A 

-0.19 


1 1A 

170 


1 AC 

-1.46 


1 A AC 

10.46 


H AA 

7.09 


6.78 


A O 1 

0.31 


171 


1 O O O 

-12.33 


1 1.29 


i~i AC 

7.95 


O AO 

8.08 


A 1 1 

-0.13 


172 


-3.29 


10.90 


8.83 


9.10 


-0.28 


174 


-5.04 


7.64 


8.59 


8.68 


-0.09 


176 


-8.49 


8.66 


8.92 


9.29 


-0.37 


178 


-17.60 


C O A 

6.84 


O T O 

8.78 


O ~7 

8.67 


A 1 1 

0.11 


1 OA 

180 


1 O AC 

-33.05 


i~i AA 

7.00 


10.22 


10.65 


n a o 

-0.42 


184 


13.05 


3.47 


10.78 


11.89 


-1.11 


185 


12.63 


0.96 


10.07 


10.32 


-0.26 


186 


-34.85 


3.25 


9.45 


10.02 


-0.57 


188 


23.19 


0.32 


9.91 


10.41 


-0.50 


1 OA 

189 


21.88 


A AT 

0.07 


1 A A A 

10.40 


1 1.87 


-1.47 


190 


15.32 


-0.42 


10.65 


1 1.92 


-1.27 


1 A 1 

191 


20.00 


-1.49 


8.97 


9.19 


-0.22 


192 


-16.42 


-1.86 


10.29 


1 1.29 


-0.99 


193 


-16.53 


-2.64 


9.96 


9.93 


0.04 


194 


1 O /TA 

12.69 


C C/C 

-5.56 


A /I O 

9.48 


A C7 

9.57 


A AA 

-0.09 


195 


10.76 


-6.34 


9.64 


9.73 


-0.09 


201 


-9.35 


-11.85 


10.77 


10.48 


0.30 


203 


-33.34 


-10.05 


9.93 


10.34 


-0.41 


204 


22.40 


-12.51 


9.06 


9.38 


-0.32 


205 


1 "7 O A 

-17.24 


1 O OA 

-13.39 


A A A 

9.94 


1A 1/ 

10.16 


A OO 


208 


A C A 

0.50 


1 O CA 

-12.50 


7.79 


O 1 A 

8.14 


-0.34 


209 


-19.54 


-13.13 


10.80 


1 1.68 


-0.88 


210 


3.31 


-14.02 


10.79 


12.02 


-1.22 


211 


-0.93 


-16.21 


8.97 


9.19 


-0.23 


212 


-16.15 


-14.22 


10.26 


10.45 


-0.19 


213 


O 1 1 

-3.11 


1 OA 

-16.20 


A £0 

9.63 


1 A AO 

10.02 


A OA 

-0.39 


214 


-32.14 


A £L 1 A 

-16.10 


9.76 


10.14 


-0.38 


215 


-2.60 


-18.12 


10.44 


11.10 


-0.65 


219 


2.33 


-19.32 


9.45 


9.78 


-0.33 


220 


-4.05 


-20.36 


10.05 


10.39 


-0.34 


991 


9^ AA 


-loJ / 


Q Zt^ 


y./J 


A ^1 


222 


17.12 


-20.15 


9.62 


9.99 


-0.36 


224 


-15.50 


-19.85 


9.41 


9.75 


-0.34 


225 


-26.91 


-20.76 


10.19 


10.51 


-0.31 


226 


-9.41 


-22.53 


8.48 


8.51 


-0.03 


227 


-9.74 


-22.14 


9.48 


9.91 


-0.43 


228 


-24.79 


-22.45 


10.04 


10.28 


-0.24 


231 


0.66 


-23.28 


10.17 


10.24 


-0.07 


232 


-5.56 


-23.05 


10.47 


10.73 


-0.26 


234 


26.56 


-25.33 


9.27 


9.65 


-0.37 



Viehmann et al.: L- and M-band Observations of the GC, Online Material p 9 
Table 2: continued 



ID 




ASC'i 


L 


M 


(L - Mi u 


235 


-22.85 


-25.24 


9.31 


9.63 


-0.32 


236 


-1.15 


-26.21 


10.32 


10.58 


-0.26 


237 


TO O C 

-38.85 


1 C A 1 

-25.91 


c\ a ^ 

9.41 


1 A A 1 

10.41 


1 AA 

-1.00 


238 


-2.33 


i^: c c 

-26.55 


10.07 


10.44 


-0.37 


239 


0.55 


-27.68 


10.34 


10.70 


-0.36 


240 


0.93 


-31.02 


10.51 


10.95 


-0.44 


241 


-5.92 


-30.80 


10.44 


10.88 


A A 1 

-0.43 


242 


1A 1 1 

-30. 1 1 


OA A /I 

-30.94 


O AC 

8.95 


A 1A 

9.20 


A 1 C 

-0.25 


1/11 
243 


1 A AA 

-19.09 


1 1 11 

-31.23 


1 A A A 

10.40 


1 A £L A 

10.64 


A O A 

-0.24 


244 


-8.56 


-33.04 


10.27 


1 A C C 

10.55 


-0.28 


245 


-30.87 


-33.15 


9.78 


10.29 


-0.51 


248 


-18.52 


-35.56 


9.73 


10.04 


-0.31 


250 


1 1 A7 

12.07 


1 A Ol 

34.82 


A 1 C 

9.35 


A O 1 

9.81 


A A H 

-0.47 


1 C 1 

251 


11 i a 

32.39 


33.37 


7.97 


O 1 A 

8.20 


A 11 

-0.23 


1 C A 

254 


2.06 


31.25 


1 A CA 

10.59 


1 A O A 

10.84 


A O A 

-0.24 


257 


32.79 


28.90 


A C C 

9.55 


9.86 


-0.31 


258 


-13.12 


25.62 


8.82 


9.15 


-0.33 


259 


-13.83 


25.46 


9.65 


9.92 


-0.28 


262 


1 /I flA 

-14.90 


1 C AC 

25.05 


A O O 

9.88 


1 A 1 *7 

10.27 


A A A 

-0.40 


263 


1 1 

1 1.82 


23.24 


A Ol 

9.82 


1 A 1 A 

10.14 


-0.32 


264 


-18.96 


23.20 


7.89 


8.05 


-0.16 


267 


-13.35 


21.90 


10.75 


1 1.74 


-1.00 


268 


19.37 


19.10 


10.95 


1 1.07 


-0.1 1 


269 


16.78 


17.19 


9.73 


9.99 


-0.26 


272 


A 71 

-4.72 


1 1 A/C 

12.96 


1 A 1 A 

10.24 


1 A CC\ 

10.60 


A 1 C 

-0.36 


274 


19.08 


1 1.30 


10.30 


10.86 


-0.56 


lib 


13.68 


7.76 


9.30 


9.69 


-0.40 


278 


-2.16 


8.33 


9.45 


9.93 


-0.48 


279 


-2.77 


7.68 


9.42 


9.39 


0.03 


IDA 

280 


9.29 


C AA 

5.90 


1 A 1 1 

10.31 


1 A AA 

10.99 


-0.68 


281 


1 C A A 

-35.04 


5.27 


A A 1 

9.43 


A A A 

9.94 


A C 1 

-0.51 


282 


10.51 


4.38 


6.99 


7.02 


-0.03 


283 


13.02 


4.63 


9.83 


10.23 


-0.40 


284 


20.56 


0.22 


10.29 


10.62 


-0.33 


IOC 

285 


7.76 


A A /I 

0.04 


O 1 O 

8.18 


Oil 

8.33 


A 1 C 

-0.15 


ion 

289 


1 A 1 O 

19.18 


-2.40 


A Ol 

9.87 


1 A 1 A 

10.19 


A 11 

-0.32 


291 


1 1.54 


-8.24 


10.22 


10.17 


0.05 


292 


-13.88 


-8.94 


9.22 


9.60 


-0.38 


293 


5.83 


-9.73 


10.90 


11.58 


-0.68 


294 


8.36 


-10.23 


8.96 


9.08 


-0.12 


296 


-24.10 


-1 1.47 


10.51 


10.60 


-0.09 


297 


1 C AC 

25.95 


-13.76 


10.14 


1 A CI 

10.53 


-0.39 


298 


25.70 


-14.13 


10.48 


10.88 


-0.40 


299 


-22.03 


-13.56 


10.44 


10.71 


-0.27 


302 


-6.79 


-16.75 


8.15 


8.30 


-0.15 




-0.7D 


- 1 / .MO 


Q 91 

7.Z1 


Q 1 7 


n fkt 


305 


-9.39 


-18.53 


9.23 


9.56 


-0.33 


306 


-8.27 


-20.20 


10.20 


11.18 


-0.99 


307 


16.01 


-18.66 


9.60 


10.05 


-0.45 


308 


-11.08 


-20.18 


10.48 


10.49 


-0.01 


309 


-34.68 


-20.77 


9.58 


9.92 


-0.34 


310 


12.08 


-22.50 


9.37 


9.91 


-0.54 


311 


-10.85 


-24.26 


10.82 


11.09 


-0.27 


313 


-24.69 


-25.40 


10.18 


10.53 


-0.35 


314 


-9.35 


-26.24 


10.48 


10.78 


-0.30 
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ID 




ASD 


L 


M 


(L - Mi u 


316 


-8.63 


-27.87 


10.34 


10.79 


-0.44 


317 


-33.27 


-31.73 


9.89 


10.16 


-0.27 


Tin 

31s 


-16.83 


1 C *7 

-35.78 


1 A O/I 

10.26 


1 A OA 

10.30 


A A A 

-0.04 


319 


-30.69 


-35.56 


7.74 


7.70 


A A A 

0.04 


322 


-26.47 


34.82 


9.10 


A ^ 1 

9.61 


-0.51 


323 


27.85 


31.55 


10.82 


10.67 


0.15 


324 


17.65 


27.16 


10.44 


10.38 


0.06 


325 


C £ 1 

-5.61 


1 O AA 

18.99 


A 1 O 

9. 18 


A O A 

9.24 


-0.06 


329 


o or 

8.85 


O £ 1 

2.61 


O H C 

8.75 


A A 1 

9.01 


a n 

-0.27 


332 


14.37 


-6.20 


8.52 


8.69 


-0.17 


333 


-27.66 


-6.31 


9.73 


10.41 


-0.68 


334 


17.07 


-1 1.21 


9.98 


10.20 


-0.22 


335 


1 C OA 

-15.80 


11 A /I 

-1 1.94 


7.75 


7.83 


A AA 

-0.09 


336 


-11.11 


1 /l OT 

-14.87 


1 A A A 

10.44 


1 A A A 

10.40 


A A A 

0.04 


339 


-2.01 


-23.02 


OTA 

8.30 


O 17 

8.37 


A AT 

-0.07 


340 


-21.11 


-26.09 


10.25 


1 A 

10.66 


-0.41 


342 


-36.23 


36.07 


9.68 


10.22 


-0.54 


343 


2.39 


33.38 


8.21 


8.43 


-0.22 


O A A 

344 


-20.15 


O O f\A 

33.04 


O A O 

8.48 


8.68 


A OA 

-0.20 


O A £ 

346 


-20.70 


1 A 1 O 

30.38 


A OA 

9.89 


1 A A/C 

10.06 


AIT 

-0.17 


350 


12.13 


23.84 


10.31 


10.55 


-0.25 


351 


20.49 


22.42 


7.66 


7.84 


-0.18 


352 


-27.42 


21.31 


10.20 


10.65 


-0.45 


353 


-16.25 


20.53 


10.89 


1 1.31 


-0.42 


355 


3.18 


19.18 


10.31 


10.49 


-0.19 


356 


19.39 


17.89 


10.91 


10.83 


0.08 


35s 


-0.73 


14.74 


9.65 


10.04 


-0.39 


363 


6.51 


7.01 


8.79 


7.97 


0.82 


366 


-1.27 


10.83 


9.96 


9.27 


0.69 


36s 


-7 11 

-7.11 


1 A A O 

10.48 


A OA 

9.20 


n /la 

9.43 


A O A 

-0.24 


369 


1 -7 O 1 

17.21 


A OA 

9.80 


1 A A O 

10.42 


1 A /C/C 

10.66 


AO/) 

-0.24 


371 


12.74 


8.04 


9.55 


9.93 


-0.39 


372 


-10.39 


8.84 


10.64 


10.44 


0.20 


374 


-12.21 


6.02 


10.87 


1 1.74 


-0.87 


O OA 

380 


1 C AT 

-15.93 


c o c 

-5.36 


9.67 


A AC 

9.95 


A O O 

-0.28 


381 


-13.13 


C C 1 

-5.51 


1 A 1A 

10.70 


1 A AO 

10.93 


A OO 

-0.23 


384 


8.17 


-7.88 


9.20 


9.17 


0.02 


386 


-1.56 


-12.39 


10.78 


10.69 


0.09 


387 


8.28 


-11.39 


9.87 


9.74 


0.13 


388 


-12.97 


-12.19 


9.85 


10.32 


-0.48 


o o a 

389 


-21.51 


1 O T5 

-12.73 


1 A -1 C 

10.45 


1 A 0*A 

10.79 


A O A 

-0.34 


390 


-10.92 


-13.99 


10.33 


10.91 


-0.58 


391 


-1 1.43 


-14.63 


9.47 


9.81 


-0.34 


392 


-1.16 


-14.98 


9.91 


10.16 


-0.25 


393 


-1.82 


-15.53 


10.72 


10.91 


-0.19 


jyj 




1 8 78 
- 1 S. / S 


1 n Qzt 


1 1 91 


-yj.z. I 


396 


-31.77 


-18.34 


8.60 


8.79 


-0.19 


397 


-11.38 


-18.95 


10.88 


11.97 


-1.08 


398 


-12.21 


-20.76 


8.54 


8.68 


-0.14 


399 


-22.27 


-18.74 


9.42 


9.74 


-0.32 


400 


1.17 


-19.78 


9.73 


10.14 


-0.41 


401 


-13.29 


-29.36 


9.59 


9.97 


-0.37 


403 


-32.11 


-30.38 


8.98 


9.20 


-0.21 


404 


14.24 


31.98 


10.64 


10.86 


-0.23 


406 


0.82 


25.80 


9.76 


10.06 


-0.30 
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Table 2: continued 



ID 




ASC'i 




M 


(L - M i k 


407 


-16.23 


22.79 


9.91 


10.24 


-0.32 


408 


-8.23 


22.46 


10.85 


1 1.59 


-0.73 


A f\C\ 

409 


A OO 

-0.88 


li.il 


A Of 

9.85 


1 n n a 

10.04 


n 1 n 

-0.19 


410 


0.61 


17.67 


9.03 


9.12 


-0.09 


41 1 


-11.36 


15.26 


10.47 


10.09 


0.38 


412 


-1 1.22 


12.91 


7.13 


7.34 


-0.21 


413 


-10.92 


12.89 


9.08 


9.03 


n n /i 

0.04 


A 1 C 

415 


O O /I 

-8.84 


10.68 


1 n ic 

10.75 


1 1 n 

11.37 


-0.62 


416 


-13.09 


8.76 


9.25 


n ah 

9.47 


-0.22 


419 


9.34 


-2.23 


n A £L 

9.46 


9.83 


-0.37 


420 


-35.35 


9.20 


9.64 


10.12 


-0.48 


429 


-31.13 


2.22 


10.21 


11.12 


-0.91 


434 


1 O T7 

-12.77 


O O A 

-3.34 


1 n 1 o 

10.18 


1 n 1 t 

10.17 


n n 1 

0.01 


AO £ 

436 


27.93 


C A^l 

-5.47 


1 A i-J i 

10.71 


1 1 T) 

1 1.23 


n co 

-0.52 


A A O 

442 


1 A £.H 

14.67 


-9.68 


n no 

9.98 


^ r\ ac\ 

10.49 


n c 1 

-0.51 


443 


-12.38 


-9.85 


10.39 


11.03 


-0.64 


AAA 


-8.53 


-13.54 


10.71 


10.65 


0.06 


445 


10.27 


-14.33 


9.77 


10.57 


-0.80 


a An 

447 


12.19 


1-7 A -7 

-17.47 


n T5 

9.73 


10.67 


-0.94 


A AO 

448 


24.69 


-19.48 


O 0-7 

8.87 


1 1 1-1—7 

9.07 


1 1 aii 
-0.20 


450 


-7.03 


-25.10 


9.05 


9.36 


-0.31 


454 


-7.29 


-28.62 


8.18 


8.39 


-0.21 


455 


-18.30 


-31.53 


9.60 


9.85 


-0.25 


456 


18.67 


19.87 


8.77 


8.87 


-0.10 


A C7 

457 


-2.95 


17.42 


10.76 


1 n in 

10.79 


n no 

-0.02 


458 


12.95 


9.32 


10.31 


10.75 


-0.45 


A CC\ 

459 


1.33 


-0.09 


9.24 


8.84 


0.40 


460 


12.82 


1.91 


10.12 


10.45 


-0.33 


463 


-28.82 


-5.54 


10.28 


10.76 


-0.47 


A 

466 


H A C 

-7.46 


-23.25 


OCA 

8.54 


O C 1 

8.51 


n no 

0.03 


A 1 

467 


-5.67 


'"I O -7-7 

-28.77 


n h 1 

9.71 


1 n nn 

10.00 


n on 

-0.29 


469 


1.55 


33.58 


9.37 


9.68 


-0.30 


470 


2.74 


33.91 


10.38 


10.57 


-0.20 


474 


-4.26 


18.93 


9.35 


9.51 


-0.16 


A —J C 

475 


C 1 O 

-5.13 


16.62 




1 1 nn 

1 1.00 


n cn 

-0.59 


A —J O 

478 


c on 

5.80 


11 O 1 

1 1.81 


n 1 n 

9.10 


n a o 

9.43 


-0.33 


479 


1.85 


10.1 1 


10.66 


10.72 


-0.06 


A Ol 

483 


8.14 


5.71 


9.48 


8.91 


0.57 


486 


-2.61 


9.40 


9.67 


9.52 


n 1 c 

0.15 


487 


-6.18 


8.87 


8.81 


9.08 


-0.27 


a on 

489 


26.64 


c no 

6.98 


A Of 

9.85 


1 n o o 

10.33 


n a o 

-0.48 


493 


-22.32 


1 C 1 

-1.51 


10.31 


10.62 


-0.32 


494 


17.85 


-3.72 


8.71 


8.80 


-0.09 


495 


18.79 


-3.40 


10.52 


10.90 


-0.39 


496 


18.14 


-4.41 


9.65 


10.09 


-0.45 






7 Q7 


1U.DD 


1110 
11.1U 


n ztzt 


506 


-38.26 


-14.45 


9.04 


9.40 


-0.36 


507 


-12.93 


-16.43 


9.90 


9.91 


-0.01 


508 


14.10 


-23.96 


10.28 


10.93 


-0.65 


509 


-31.21 


-28.27 


9.28 


9.58 


-0.30 


511 


-10.46 


-31.71 


10.60 


10.88 


-0.28 


512 


15.63 


27.39 


9.89 


10.13 


-0.24 


513 


10.75 


22.49 


8.37 


8.62 


-0.25 


515 


-4.49 


12.33 


10.53 


11.09 


-0.56 


516 


4.48 


9.03 


9.46 


9.42 


0.04 
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Table 2: continued 



ID 








M 


(L - Mi u 


C 1 "1 

517 


-4.30 


9.21 


9.84 


9.22 


0.61 


520 


23.48 


2.33 


8.83 


9.00 


-0.17 


col 

521 


1 C AT 

15.03 


2.42 


1 n in 

10.79 


1 n on 

10.89 


n 1 n 

-0.10 


526 


22.70 


-2.19 


10.73 


11.17 


n a i 

-0.43 


536 


-9.12 


-10.83 


9.54 


9.86 


-0.32 


538 


7.82 


-15.03 


9.73 


9.98 


-0.25 


539 


11 A A 

1 1.44 


-20.03 


7.77 


7.94 


-0.17 


540 


-17.83 


27.85 


9.78 


9.94 


n 1 £ 

-0.16 


C A 1 

541 


c on 

5.89 


on 1 c 

20.15 


1 n 1 1 

10.1 1 


in 11 

10.31 


n on 

-0.20 


542 


13.67 


9.17 


10.33 


10.72 


-0.39 


543 


13.54 


8.83 


9.98 


10.36 


-0.38 


551 


12.29 


-12.25 


7.82 


8.02 


-0.20 


552 


1 1 on 

-1 1.89 


1 O 1 O 

-12. 12 


O O C 

8.85 


one 

8.95 


n 1 n 

-0.10 


553 


-36.86 


-13.97 


cn 

8.50 


8.68 


n 1 

-0.18 


554 


13.04 


-23.34 


7.87 


7.98 


-0.11 


c c c 

555 


-1.71 


-23.66 


8.91 


9.08 


-0.18 


ecu 

556 


-6.81 


-25.45 


9.07 


9.46 


-0.39 


559 


16.62 


29.76 


10.44 


10.89 


-0.45 


560 


1 1A 

1.70 


o o n/c 

28.06 


n 00 

9.32 


n 

9.53 


n 1 

-0.21 


562 


1 C O 1 

-15.81 


1 n io 

19.23 


10.81 


1 n /c/c 

10.66 


n 1 c 

0.15 


563 


10.64 


15.65 


10.73 


10.05 


0.68 


564 


-2.17 


17.05 


9.44 


9.27 


0.17 


565 


-13.49 


13.25 


10.68 


10.07 


0.61 


572 


-11.53 


7.65 


10.65 


10.52 


0.14 


576 


1 h nn 

-17.99 


1 A A 

3.44 


1 n on 

10.39 


1A yCI 

10.47 


n no 

-0.08 


577 


-18.14 


0.63 


9.99 


10.07 


-0.08 


COO 

583 


-12.52 


-1.29 


9.27 


9.15 


0.12 


586 


7.56 


-7.09 


7.30 


7.43 


-0.13 


587 


32.91 


-10.06 


9.55 


9.92 


-0.37 


con 

589 


-25.64 


n c\c 

-9.06 


1 n nn 

10.99 


1 n on 

10.80 


n 1 n 

0.19 


592 


5.25 


1 O AC\ 

-18.40 


10.44 


1 n a n 

10.49 


n nc 

-0.05 


593 


-37.08 


-18.52 


8.36 


8.08 


0.28 


596 


26.90 


26.26 


9.31 


9.75 


-0.45 


598 


-10.05 


19.58 


9.71 


9.58 


0.12 


fAA 

599 


4.20 


1 O T7 

12.27 


10.44 


1 n no 

10.02 


0.42 


602 


T O 1 

3.21 


1 n £.0 

10.63 


n 00 

9.83 


1 n 1 n 

10.10 


-0.27 


606 


1 1.97 


9.27 


9.74 


10.04 


-0.30 


/"AT 

607 


0.35 


-0.65 


8.93 


8.12 


0.81 


608 


20.50 


1.97 


9.05 


9.13 


-0.08 


614 


14.67 


4.26 


8.94 


9.43 


-0.49 


615 


23.99 


1.72 


10.00 


10.10 


-0.11 


616 


-33.14 


-6.46 


1 n a c 

10.45 


1 n /: - 7 

10.67 


n 00 

-0.22 


618 


-32.77 


-12.34 


9.60 


9.93 


-0.33 


/I A 

619 


-34.81 


-12.20 


9.38 


9.64 


-0.26 


620 


24.33 


-23.45 


9.75 


9.89 


-0.15 


699 


1 Q ^8 


98 ^7 
ZoO / 


1 n 99 

1U.ZZ 


1 n zti 


-V.Ly 


623 


-7.29 


24.98 


10.48 


10.95 


-0.47 


624 


8.35 


8.33 


9.71 


8.76 


0.94 


625 


2.32 


4.12 


9.93 


8.58 


1.35 


627 


-15.97 


3.17 


10.97 


11.05 


-0.08 


640 


1.89 


31.98 


9.84 


10.10 


-0.26 


643 


-8.30 


12.85 


10.32 


10.69 


-0.37 


645 


4.67 


11.66 


10.56 


9.99 


0.57 


648 


14.96 


4.21 


8.54 


8.55 


-0.01 


653 


8.86 


-15.74 


10.55 


11.13 


-0.59 
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Table 2: continued 



ID 








M 


(L - Mi u 


s C ~l 

657 


20.72 


-19.11 


8.66 


9.05 


-0.38 


678 


-6.22 


-27.05 


6.67 


6.91 


-0.24 


/TO/I 

684 


a ~7n 

0.79 


O 1 CO 

-21.58 


1 A CA 

10.59 


1 A 1 

10.76 


a n 

-0.17 


a o c 

685 


17.78 


19.01 


9.25 


9.43 


A 1 O 

-0.18 


686 


19.89 


14.06 


8.67 


9.02 


-0.35 


687 


-3.28 


8.90 


9.97 


10.39 


-0.42 


692 


18.98 


-1 1.26 


9.86 


9.90 


A A A 

-0.04 


693 


10 in 

-18.19 


COO 

5.33 


10.21 


1 A CC\ 

10.60 


A O O 

-0.38 


699 


O C A 

-2.50 


O O AO 

28.93 


10.12 


A OA 

9.29 


A OO 

0.83 


700 


-2.73 


28.40 


10.22 


9.37 


0.85 


708 


-1.20 


28.75 


7.24 


6.00 


1.24 


709 


15.45 


1.47 


9.76 


10.10 


-0.34 


714 


ceo 

-5.58 


1 A A A 

10.49 


O A 1 

8.91 


A O 1 

9.21 


A O 1 

-0.31 


tit 

717 


A OA 

0.29 


H H A 

-7.74 


9.60 


O OO 

8.83 


0.76 


727 


1 A 

-10.32 


A OO 

0.82 


O C/C 

8.56 


T A A 

7.04 


1 CO 

1.52 


734 


-3.02 


-3.33 


8.91 


8.00 


0.91 


735 


17.70 


29.44 


9.28 


9.49 


-0.21 


747 


-18.45 


6.09 


10.26 


10.33 


-0.07 


749 


1 1 n 

-1 1.37 


OA H A 

-29.74 


7.14 


H OA 

7.20 


A AC 

-0.05 


750 


A AO 

-0.93 


o o m 

28.97 


7.41 


5.77 


1 H A 

1.64 


756 


-2.71 


-2.96 


8.84 


8.16 


0.68 


764 


6.11 


-19.72 


7.95 


8.17 


-0.21 


765 


20.41 


13.92 


8.50 


8.81 


-0.31 


767 


-7.94 


1.55 


10.64 


10.1 1 


0.54 


768 


-8.65 


A C C 

0.65 


A AO 

9.92 


8.77 


1 1 C 

1.15 


773 


-9.78 


1.33 


9.79 


8.08 


1.71 


793 


11.72 


-20.26 


6.66 


7.04 


-0.38 


794 


-1.59 


-31.22 


8.26 


8.47 


-0.22 


798 


-5.78 


2.28 


8.97 


7.84 


1.13 


OAA 

800 


-7.13 


OA A A 

-30.04 


A AO 

9.93 


1 A 1 A 

10.19 


A O/C 

-0.26 


808 


-26.87 


OO A A 

23.00 


O 1 

8.16 


8.44 


A O O 

-0.28 


810 


15.03 


14.01 


9.22 


9.55 


-0.32 


811 


5.97 


8.80 


6.10 


5.33 


0.78 








8 

O.JD 


8 87 
o.o / 


-U.J 1 


814 


24.12 


6.71 


8.74 


9.12 


-0.37 


819 


-5.28 


3.06 


6.54 


3.35 


3.19 


842 


-5.62 


-3.44 


8.23 


7.67 


0.56 


858 


-28.78 


-6.02 


9.04 


9.36 


-0.32 


859 


-18.53 


-22.65 


8.97 


9.24 


-0.27 


860 


-13.26 


-27.11 


8.66 


8.88 


-0.23 


861 


4.67 


-29.35 


7.70 


6.73 


0.96 


862 


-12.01 


-32.07 


8.45 


8.88 


-0.43 


863 


-39.97 


-33.65 


10.93 


9.54 


1.39 



